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PREFACE 


This revised manual reflects the experience of two years of operation for the 
Noise Measurement Unit. A major change is the requirement that all measure- 
ments consist of at least 100, rather than 50, 10-second readings. About 
two-thirds of the past measurements already needed at least 100 samples. 

This change will not require any past measurements to be redone; they are 
still valid. It will, however, give stronger assurance that the sample period 
is truly representative of the entire hour being described. 


A second major change is in the traffic classification rules. Past counting 
of 2-axle, 6-tire vehicles exclusively as trucks has led to high traffic noise 
level calculation by the prediction program. Study has shown it much better, 
if not yet perfect, to classify these vehicles as either automobiles or trucks 
depending on their apparent relative loudness. 


More information has been added on site selection, again reflecting our ex- 
perience. The text of PPM 90-2 has been replaced with excerpts from its 
successor, FHPM 7-7-3. 


Principal author of the original manual was Peter A. Chiefari, P.E., Assistant 
Civil Engineer (Materials) in the Noise Measurement Unit. His dedicated work 
in pulling everything together made the manual a reality. These revisions were 
mainly prepared by William Bowlby, also Assistant Civil Engineer (Materials) 

in the Noise Measurement Unit. 


The hard work and essential contributions of Orlando E. Picozzi, who, among 
everything else, revised the data forms and instruction, and Richard W. Carlson 
and Thomas F. Nelson, formerly of the Noise Measurement Unit, were integral to 
the original manual's preparation. 


The manual's development was immeasurably aided by the review and comment of 
many people, including Wm. P. Hofmann, James J. Murphy, Robert J. Perry, 
William McColl, Louis F. Cohn, William R. Webster, David E. Suuronen and all 
Regional Noise Liaison Engineers. 


A. D. Emerich of the Engineering Research and Development Bureau was responsible 
for the final review and preparation of the original manuscript. Numerous early 
drafts and associated notes and memorandums were typed by Arlene A. Stipano, 

Jo Simmons, Debie A. Lezatte, and Angel A. Serio. 


Special thanks go to Cecilia M. Leonard for typing much of the revised edition. 
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INTRODUCTION 


In the late 1960's, concern in many circles turned increasingly to our environ- 
ment. Various laws were passed, designed to achieve minimum quality standards 
for air, water, and land, and to abate the waste of our natural resources. A 
fourth pollutant, less frequently recognized, is noise. The collection of 
sounds created by our advanced industrial society has reached a level that can 
no longer be ignored. One has merely to stand on a crowded city street corner 
during rush hour to realize the importance of controlling noise. 


A major contributor to the noise in our daily lives is the ever-increasing 
stream of automobiles and trucks riding our nation's highways. Thus, in 1970, 
legislation was passed that resulted in noise standards designed to control 
the increasing noise levels associated with highway traffic. These standards 
were set forth by the Federal Highway Administration (FHWA) in its Policy and 
Procedure Memorandum 90-2, Revised in May 1976 as FHPM 7-7-3 (Appendix G). 


To implement these standards, and in doing so, to help maintain and improve 
the quality of our environment, the New York State Department of Transportation 
has created a program to measure highway-related noise. One outgrowth of this 
program is the Noise Measurement Unit of the Materials Bureau in Albany, which 
has overall responsibility for noise measurement for the entire Department. 
Also, each region has designated a Regional Noise Liaison Engineer (RNLE) 

whose responsibility is to supervise the regional noise measurement program. 


The ten regional noise measurement units are charged with measurement of noise 
as it relates to the Department's environmental impact assessment program. 
The Main Office Noise Measurement Unit's function is to support the regional 
units with training, equipment allocation, computer record maintenance, and 
general coordination of a quality noise measurement system. A third group, 
the Environmental Analysis Section, is also located in the Main Office. One 
of its functions is to provide support for the regional noise analysis ef- 
fort. 


As a Noise Measurement Technician (NMT), you are the field arm of this or- 
ganization. It is you, the NMI, who will be measuring noise in the field. 
This manual is written specifically for you. . It's designed to be both a 


field guide and a reference explaining the basic science of sound, noise, 
and noise measurement. It has three sections: 


I. Sound and Noise Fundamentals. 
Ii. Measurement of Existing Noise. 


III. Noise Field Test Methods. 


Noise Measurement 


Section I gives the basic science of sound and noise -- what they are and how 
they are defined for measurement purposes. 


Section II deals with the specifics of noise measurement, with emphasis on 
highway-related noise. 


Section III gives field test methods for noise measurement, explaining in de- 
tail the equipment and procedures and the necessary paperwork. 


One further point -- as a Certified NMT, you have a particularly high level 

of responsibility. Noise must be measured by strictly adhering to field 

test procedures. Mistakes in obtaining noise data are not always readily de- 

tectable. If the data appear incorrect, the only alternative is to go out and 
re-measure for verification. Unfortunately, many times this is not possible. 


Your measurements will be one factor in transportation decisions. Once you 
are a Certified NMT, the Department will have to rely on your measurements, 
and possibly even defend them in court. 


Everyone in the state will benefit if we reduce noise levels. Noise is here 
to stay, but with your help, we can design measures to control it. Doing 
your job to the best of your ability will help improve our environment. 


I. SOUND AND NOISE FUNDAMENTALS 


A. Sound Waves 


Since we are concerned with noise it seems logical to start with the question: 
what is noise? The best definition is the most simple. Noise is unwanted 
sound. Fine. But what is sound? We've taken it for granted since childhood. 
We hear "sounds." Technically, sound is defined as a wave disturbance moving 
through an elastic medium at a speed characteristic of that medium. That re- 
ally doesn't help much. Let's try it this way. On a nice day you're sitting 
by a lake. The surface of the water is relatively flat. You're fishing for 
bass. They aren't biting, so you pick up a rock and toss it into the lake. 
When the rock hits the water it causes waves in the form of rings that move 
outward for the point where the rock enters the water. The rock has disturb- 
ed the water from its equilibrium (flat) level, and the waves move outward 
and eventually die out. : 


Now, as we said, sound is also a wave. The difference between the water wave 
and a sound wave is that sound is a disturbance in the air. More correctly, 

the sensation of "sound" is caused by the ear detecting changes from atmospheric 
pressure. When a bass drum is struck, the drumhead begins vibrating (rapidly 
moving up and down), causing waves in the air, just as the rock caused waves 

in the water. These waves are detected by our ears as very tiny changes from 
the equilibrium (or atmospheric) pressure. These pressure changes are con- 
verted through the internal workings of the ears into a message that is sent 

to the brain. The result is that we "hear" the sound of the bass drum. 


Water waves, sound waves, and in fact, all waves can be described by two char- 
acteristics: 


1. AMPLITUDE. 
2. FREQUENCY. 


In the case of the water waves caused by the rock, the amplitude of the wave 

is the height of the water above or -below the undisturbed (flat) water surface. 
Another way of saying this would be that the amplitude of the wave is equal to 
the "magnitude" (height) of the "disturbance" (change in water level) above or 
below the "reference" or "equilibrium" level (undisturbed flat water surface). 





Now suppose a pole were sticking out of the water near where the rock hits. 
If we counted the number of waves passing the pole for, say, 5:seconds and 
divided that number by the 5-second time, we would know the frequency of the 
wave. In other words, the frequency of the wave is equal to the number of 
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waves occurring in a unit of time. One complete wave is known as one cycle. 
In the case of the bass drum, when the drumhead is struck it is pushed down. 
The drumhead then springs back up, completing one cycle. The number of times 
it springs up and down (vibrates) per unit of time is the frequency of the 
sound wave produced. 


For the case of a water wave, Figure 1 shows the relationship between fre- 
quency and amplitude. Case 1 shows an amplitude of 1 in. above and below the 
equilibrium water level and a frequency of 1 cycle (i.e., one complete wave) 
in 10 sec, or 0.10 cycles per second. The term "cycles per second" has been 
given the special name hertz, abbreviated Hz. Therefore, 1 cycle per second ~ 
equals 1 Hz. In Case 2, the wave has an amplitude of + 1 in. and a frequency 
half that of Case 1, or 0.05 Hz. In Case 3, the frequency is the same as in 
Case 2, but the amplitude is now 2 in., or twice that in the other two cases. 


To summarize briefly, noise is unwanted sound. Sound is a wave disturbance in 
the air similar to a water wave. They are similar because all waves can be 
described by two characteristics -- amplitude and frequency. For a sound wave, 
the amplitude is the magnitude of the variation from atmospheric pressure, and 
the frequency is the number of disturbances per second. Frequency is expressed 
in hertz, abbreviated Hz. 


One further comment -- the sound we will measure in the field is composed of 
not only one sound wave, but is a summation of a number of separate sound 
waves, each with a different frequency and amplitude. These different waves 
add up to produce the overall sound wave. An example of this is an orchestra. 
Each instrument produces a sound wave, and they all add up to give the orches- 
tra's overall sound. 


B. Sound Pressure Level 


The human ear is sensitive to a large range of pressure disturbances. The 
change from atmospheric pressure caused by a cricket chirping at night is 
very tiny compared to the change from atmospheric pressure caused by a jet 
engine at an airport, yet the human ear can detect either. 


Because of this large range of pressure disturbances that the ear can detect, 
it would not be practical to compare sound waves on the basis of pressure dis- 
turbances. To use the water wave example, this would be like comparing the 
ripples in a puddle to a tidal wave. So, to compare sound wave amplitudes, 

we use sound pressure level (abbreviated SPL), which is defined in such a way 
that the large pressure ranges possible are compressed into a smaller scale. 
(How this is done is explained in Appendix F.) The units of sound pressure 
level are called decibels. 


The sound pressure level in decibels (abbreviated dB) then allows us to com- 
pare sound wave amplitude without the problems that we would have if we tried 
to compare them directly in terms of pressure disturbances. Figure 2 gives 
SPLs, in decibels, for various common indoor and outdoor sounds. The SPL of 
a person talking at a distance of 3 ft is about 65 dB. A jet airplane at 
1,000 ft causes a much larger disturbance; hence, the SPL is 105 dB. 


AMPLITUDE, INCHES 


CASE 1 


1 
Amplitude = + 1 in. 
0 = | cycle . 
Frequency Wiser 0.10 Hz 
-1 
0 5 10 15 20 
SECONDS 
CASE 2 
1 
Amplitude = + 17 in. 
” Frequency = et - 0.05 Hz 
Ui ddcaS ntact 
-1° 
0 5 10 15 20 
SECONDS 
CASE 3 
PT Giese 
1 
Amplitude = + 2 in. 
0 Frequency = elt - 0,05: Hz 
-1 
—2 
0 5 10 ps 20 
SECONDS 


Figure 1. Frequency and amplitude of water waves. 


COMMON INDOOR 
NOISE LEVELS 


Rock Band 


COMMON OUTDOOR 
NOISE LEVELS 


Jet Flyover at 1000 ft 


Inside Subway Train (New York) 
Gas Lawn Mower at 3 ft 


Diesel Truck at 50 ft Food Blender at 3 ft 


Noisy Urban Daytime Garbage Disposal at 3 ft 


Shouting at 3 ft 


Gas Lawn Mower at 100 ft Vacuum Cleaner at 10 ft 


Commercial Area 
Heavy Traffic at 300 ft 


Normal Speech at 3 ft 


Large Business Office 


Quiet Urban Daytime Dishwasher Next Room 


Quiet Urban Nighttime Small Theatre, Large Conference Room 


(Background) 


Quiet Suburban Nighttime Library 


Bedroom at Night 


Quiet Rural Nighttime Concert Hall (Background) 


Broadcast and Recording Studio 


Threshold of Hearing 





Figure 2. Common indoor and outdoor noise levels. 
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To summarize again, noise is unwanted sound. Sound is a pressure disturbance 
and Sound Pressure Level or SPL is related to the magnitude of this disturbance. 
The units of SPL are decibels, abbreviated dB. 


C. Addition of Decibels 


There is one important difference between decibels and, for example, feet or 
pounds. If two boards are each 10 ft long, then their total length is 20 ft. 
However, if two trucks each create a SPL of 70 dB, then their total SPL is 

not 140 dB but only 73 dB. (This is because of the mathematical definition of 
SPL in dB; this definition and a proof of the above are given in Appendix F.) 


Using the following table and method, any number of sound pressure levels may 
be added with an accuracy of + 1 GB. 


When two decibel Add the following 
values differ by amount to the higher value 
0 or 1 dB 3 dB 
2 or 3 dB 2 dB 
4 to 9 dB 1 dB 
10 or more dB O dB 


To illustrate, we will add the following levels: 69, 89, 84, 74, and 78 dB. 
The first thing to do is rank the sound pressure levels in ascending order. 
They are then added pair-wise, according to the preceding table, beginning 
with the lowest pair: 


69 
74 


=90 dB 





> 

Qu. 

& 
tl 


75 dB 
80 dB 
85 dB 
90 dB 


7 

7 a 
84 dB = 
8 = 


Notice also that for differences of 10 dB or more, the number of decibels 
added to the higher value is zero. This means that if one. sound is, stronger 
than another by 10 dB or more, the lower sound is effectively "drowned out" 
by the higher one. This effect is called "masking." 


D. The A-Scale Weighting Network 


Just as the human ear is sensitive to a large range of pressures, it is also 
sensitive to a large range of frequencies. For most people, the normal fre- 
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-10 


-20 


- 30 
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-40 
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16 31.5 63 125 250 500 1000 2000 4000 8000 16,000 
FREQUENCY, Hz 


Figure 3. Electrical frequency response specified for the A-scale filter of 
sound level meters (ANSI SI.4-1971). . 





quency range of hearing is from 20 to 10,000 Hz, and in some cases as high as 
20,000 Hz. However, the human ear does not "hear" each frequency equally. It 
is less sensitive to low-frequency sound than to high-frequency. Since we 
want to measure noise in a way that compares closely to the human ear's sen- 
sitivity, the A-scale weighting network has been devised. 


The A-scale network (within the measuring equipment) electronically adjusts 
some of the higher and lower frequencies when the SPL is measured. The sound- 
measuring device then responds in a manner very close to the response of the 
average human ear, givin us a good idea of how the average person would per- 
ceive that sound. 


The A-scale changes the SPL as shown in Figure 3. From this graph it can be 
seen that at 100 Hz, the SPL is diminished by 20 dB. At 1,000 Hz the SPL is 
not changed at all, while at 2,000 Hz, the SPL is increased by 1 dB. 


From this point on, we will no longer use the term SPL in dB, but rather the 
term "sound level." By this we will mean an SPL measured in dB with an A- 
weighting network. Thus, sound level will mean the result of an A-weighted 
measurement. Any sound level will then be an approximation to the response 
of a human ear. Also, for our sound levels from here on, the results will be 
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reported as dBA, not dB. Thus, if the sound level of a passing car were mea- 
sured, the results would be reported as 67 dBA, not 67 dB. 


E. Sound Reduction and Reflection 


When the rock in the water-wave example hit the water, waves were created and 
radiated outward at a certain speed. As they moved farther and farther out, 
they became smaller (attenuated) until they finally disappeared. 


The same thing happens with a sound wave -- the farther from the sound source, 
the smaller the disturbance. Consequently, the sound level decreases with 
distance from the source. For example, the farther you are from a truck mov- 
ing down the highway, the lower the sound level will be. If there is a high 
concrete wall between you and the highway, the sound level will be still lower, 
because some of the sound the truck generates will be reflected away by the 
wall. This can also work in reverse. If a building is close behind you, some 
of the sound waves may be reflected back to you, causing the sound level of the 
truck to be higher than it would be without the reflected sound. Rows of 
houses or possibly even a densely wooded area between you and the highway may 
also reduce the sound level. 


The reason for mentioning these facts will become apparent later in this manual 
when we discuss the selection of measurement sites. For now, however, it is 
important to remember the following rules which apply to a site having an un- 
obstructed view of the highway: 


1. For a single car or truck proceeding down a highway, for every doubling 
of the distance from the road the sound level should drop approximately 
6 dBA. 


2. For a line of cars -- that is, a fairly uniform stream of traffic -- 
for every doubling of the distance from the road the sound level should 
drop approximately 3 dBA. 


"Doubling the distance" means that if you are 50 ft away and get a sound level 
of 59 dBA, then at 100 ft you should get 53 dBA for a single car and 56 dBA 
for a stream of traffic. 


This concludes our discussion of the fundamentals of sound and noise. It has 
been very basic. Appendix E of this manual gives references for further reading. 





II. MEASUREMENT OF EXISTING NOISE 


A. Traffic-Related Noise Sources and Existing Noise 
1. Existing Noise 


In Section I, we explained how the sound we measure is not simply one wave, 
but a combination of waves like an orchestra. Likewise, in the field, 

the activities usually occurring around a site produce a combination of 
sounds. This combination of sounds is commonly referred to as existing 

or ambient noise. 


The existing noise level is obtained by measuring the sound level produced 
by those activities normally occurring in the site area. [In the case of 

a site located close to a highway, a major portion of the existing noise 
will be from vehicles traveling down the road. If we are near a highway 
close to an airport, existing noise will also include noise of the air- 
craft. If we are in an isolated area, birds, crickets and rustling leaves 
may produce all of the existing noise. We will say more about the subject 
later. For now, it is sufficient to remember what existing noise is. 


2. Automobiles, Trucks, and Other Vehicles 


In most cases, we will be measuring existing noise whose major component 
is from highway traffic. Extensive measurements have shown that you can 
expect automobile sound levels to vary between 60 and 75 dBA and truck 
sound levels from 75 to 90 dBA or more at about 50 ft from the roadway. 
The large variations are due to such things as vehicle acceleration, 
speed, and condition; tire tread condition and type; and roadway surface 
roughness and grade. 


Since there are relatively large variations between automobiles and 
‘trucks, we can see that it is very important to know how many trucks go 
by and how many automobiles; if we had only trucks ‘going by, the existing 
noise level would generally be higher than if we had only cars. 


Knowledge of the number of cars and trucks is necessary to help predict 
future sound levels, Since it is reasonable to assume that altering an 
existing highway or putting a new highway in an area may increase traffic 
or change the relative number of automobiles and trucks, possible result- 
ing in higher noise levels. For these reasons, traffic counts will be 
made during measurements. 


Now, although this may sound odd, for our measurements what is a car and 


what is a truck? And how about motorcycles? Everyone has heard a iz 
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souped-up sports car. Some are very loud. Some motorcycles are also 
quite loud -- as loud or louder than some trucks. To solve this problen, 
we will observe the following rules in classifying vehicles: 


1. There will be three general classes based on noise emission 
level. Separate counts for two of these classes - automobiles 
and trucks - will be kept. 


2. Any four-tire, two-axle vehicle including sports cars, pick-up 
trucks, and small vans will be counted as an automobile. 


3. Any three or more axle vehicle including commercial buses will 
be counted as a truck. (Note: FHPM 7-7-3 defines a truck as a 
vehicle over 10,000 lbs. We, however, use the above rule as a 
convenient method for counting and classifying trucks for noise 
measurement purposes.) 


4. Any two-axle, six-tire vehicle or motorcycle will be counted 
as either a car or truck depending on how loud it is. Although 
this may seem a very doubtful way to classify them, a little 
field experience will show that it is quite easy to determine. 
If the vehicle is considered as loud as an automobile, it will 
be counted as an automobile and one vehicle will be added to the 
automobile count. Similarly, if it is as loud as a truck it will 
be counted as a truck. 


Now, let's look at how we should go about taking measurements. 


B. Basic Principles of Existing Noise Measurement 


Measurement of noise for evaluation and possible control requires 1) a device 
that measures sound level, 2) a plan of where and when to measure, 3) a 
measurement method for collecting the noise data, and 4) a method to record 
and reduce the data. Stated more simply: 


1. Equipment -- what do we use to measure? 


2. Site and time selection -- where and when do we measure? 
3. Method -- how do we measure? 
4. Data Recording and Reduction -- what do we do with the measurements? 


1. Measurement Equipment: The Sound Level Meter 


Noise can be measured in many ways, using many types, sizes, and kinds of 
equipment. The most basic piece of equipment for measuring sound level is 
the sound level meter. All sound level meters perform the same basic 
function -- they measure the sound level. Components and controls are 
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similar on most models. Components usually consist of a microphone, an 
amplifier, an A-weighting network, and a meter calibrated in decibels. 

The controls include an on-off switch, a meter response setting (fast-slow), 
a battery check switch, a weighting network selector, and a range switch, 

In addition, there is usually a calibration adjustment. (The functions 

of each of these controls for our equipment will be explained in Section III.) 


Just as with any piece of equipment, the sound level meter has certain 
operating limitations. For instance, the microphone attached to the meter 
will not work if the humidity is too high or if it becomes dirty. Temper- 
ature extremes can be detrimental to the meter's electronics, especially 
prolonged exposure to direct sunlight. High winds may also result in 
erroneous measurements. 


2. Selection of Measurement Sites and Times 


Once the equipment to perform the measurements is chosen, the next step 

is to decide where and when to measure. Deciding "where" is actually a 
two-stage process. The general location of a measurement site is normally 
indicated on a map of a proposed project. This site is selected by careful 
study of the map, and/or by preliminary field investigation. Sites are 
generally chosen to measure existing noise levels near noise-sensitive 
activities such as schools, hospitals, churches and houses. They are also 
chosen to provide a general picture of the noise level over an entire area. 
The exact site location in the field is selected by the measurement team. 


The most important fact to remember in selecting a site is that measurements 
need to be representative of that area and its typical activity. So, in 
general, the equipment should not be set up close to a building, or a sign, 
or a parked car, or any object that might distort the sound field. (How- 
ever, it should also be understood that sometimes measurements may be 
needed from an area full of reflective surfaces (e.g. trees in a wooded 
area). These sites should be measured as specified by the RNLE, noting 

any special circumstances that are present.) 


It is also important to know the location of the site. This should be 
done by drawing a small diagram showing approximate footage from a 
distinguishing landmark or from the roadway if the site is near one. 
The distance from the landmark or roadway should be paced off, or tape- 
measured if so desired by the RNLE. The diagram and description should 
be sufficiently clear and complete to allow another measurement team to 
locate and set up at the exact spot. 


The "when" to measure may be very dependent on the location. We may want 
to measure a particular site at a particular time. For instance, we may 
want to measure the effect of a highway on a site located close to a school. 
At the time the measurement team is present, school may just be letting out. 
It may be necessary to come back when classes are in session. In any event, 
the fact that school was just getting out should be noted along with the 
time the measurements were taken. 
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Also, there may be a temporary noise source near the site that is not 
typical of the usual activity near it. Examples would be a tree-cutting 
crew, water line repair crew, or a police or fire emergency. Measuring 
the noise level generated by these temporary activities would bias the 
description of the area's usual noise level. Our only choice is to try 
again at a different time or day. 


In any case, always be sure to record the time when you made the measure- 
ment. The RNLE must have this information to do a correct noise analysis. 


3. Measurement Method 


Let's assume the site and time have been selected and the sound level 
meter is operating properly. Now what? If we are near a road the needle 
on the meter swings up and down as vehicles pass by. Do we read it when 
the car or truck is 10 ft down the road or when it is right in front of 
us? What do we do when no vehicles pass by? The noise at a site varies 
continuously with time -- that is, at any particular time, there is a 
certain sound level. This sound level changes continuously. Since sound 
varies with time, it would be best to take measurements as a function of 
time. By this we mean that we select a time interval -- say 10 seconds -- 
and every 10 seconds we read the meter whether it is noisy or quiet, or if 
a vehicle is or is not nearby. The sound level is recorded each time and 
after a sufficient period we will have accumulated a number of readings. 
We can then analyze these in some way to obtain the existing noise level 
at the site. 


4. Data Recording and Reduction 


At each 10-second interval, when the meter is read, a value for the sound 
level is obtained. How do we handle these data and reduce them to a 
meaningful form? We could write down each reading. An easier method 
would be to check off the readings as we measure them, on a form having 
preprinted values on it. Then all that would be necessary would be to put 
a check near the appropriate value each time it occurs. 


This brings us to the question of how many readings we take; also, what do 
we do with them? FHWA currently states its design noise levels in FHPM 
7-7-3 on the basis of a quantity called L19. This is the noise level 
exceeded for 10 percent of the measurement period. L509 and Lg99 are also 
used in some computations, and are the sound levels exceeded 50 and 90 
percent of the time period. How do we find these quantities? 


Suppose we have obtained the set of 100 readings shown on the next page. 

Lig is the level exceeded 10 percent of the time and there are 100 readings; 
10 percent of 100 is 10. Therefore, L19Q is the sound level assigned to 

the row in which the tenth reading occurs. So, starting from the top, we 
count down the readings until we reach the tenth reading. In this case, 

L10 would be in the second group of readings -- that is, 67 dBA since the 
tenth reading occurs in that group. Similarly, for L5g and Lg9 we count 
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down from the top t° the fiftieth and ninetieth readings. L5Q would be 
64 dBA and L990 would be 60 dBA. By using L10, L50, and L9Q, we can 
numerically characterize the noise environment at the site where the 
data was collected. 


Total 
dBA Readings 
L10 ed) 
68 XXX 
67 xxxxx xfx)x 
VNU Ob on CF oo ab th Ce Ue op Oe Rel 
" 
65 XXxXxXxXXxXxXxxxxxxxx 30 15 
64 XXXXXXXXXXxXxXQKXX 16 
ce R SX OR NE MXR KX EX X 16 
: 62 XKXXXXXXXXXXXXX 14 
61 be OS a a 10 
60 XXXXXXX “Lg 7 
100 


Since we only sampled the noise level once every 10 seconds, rather than 
continyously, we're not definitely sure that the L109 we measured was the 
actual L109 for the entire time period. That is, when we take a set of 
readings and compute L109, we are actually estimating it based on the set 

of readings. The larger the set of readings (100, 150, 200, etc.) we take, 
the more accurate the estimate becomes. This leads us back to the question 
of how many readings are needed to get an accurate estimate. In order to 
answer, we first have to determine how accurate we want L10 to be. 


Say we take 100 measurements and find L109 to be 78 dBA. How accurate is 
the 78 dBA number? Another way of asking how accurate the number is, is 
to ask how much confidence can be placed in it. If we took 100 readings 
and got an L199 of 78 and then took 50 more and it was still 78, we might 
feel pretty confident that 78 is a good estimate of Lig. 


We have decided that for our purposes we want to be 95 percent sure that 
our measured Li1Q is within + 3 dBA of the actual L190. That is, we want 
to find L109 + 3 dBA with 95 percent confidence. Through the statistical 
analysis techniques explained in Appendix D, a table was developed to 
allow us to check if our data meets this requirement. Its use will be 
explained in Section III. 


We have now looked at the what, where, when, and how of measuring existing 
noise, and this concludes our general discussion. What remains are the 
specific field test methods we will use when measuring existing noise. 
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III. NOISE FIELD TEST METHODS 


A. Method 1: Measuring Existing Noise Level by the Check-off Method 


Scope 


This test method prescribes procedures for measurement of existing noise 
levels, using the Bruel and Kjaer (B&K) Type 2206 precision sound level me- 


ter: 


Instructions for documentation are included. (For those regions us- 


ing the B&K Type 2205 meter, all procedures apply but attention should be 
paid to equipment limitations, possible differences in calibration, etc.) 


Equipment 


a. Equipment Required 


1. 


B&K Type 2206 precision sound level meter with Type 4148 condenser 
microphone. 


B&K Type 4230 calibrator. 
Windscreen. 

Wind velocity meter. 
Extension cable. 

Tripod. 

Clipboard and counter. 
Sling psychrometer. 
Stopwatch. 

Spare batteries. 


Data and cover sheets (BR320a, BR319a). 
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b. Equipment Descriptions 


A. 


Sound Level Meter with Condenser Microphone 


This meter is a battery-operated precision instrument used to deter- 
mine SPL in dB (Fig. 4). Its features and controls are as follows: 


a. 


Power Switch 


This is a four-position switch marked "off," "fast," "slow," 
and "batt." "Off" is self-explanatory, "fast" and "slow" refer 
to how quickly the meter responds to an incident sound wave, 
and the "batt" position allows the battery to be checked. 


Range Switch 


This is turned to change the reading range of the meter. The 
range indicator window on the meter shows the range value se- 
lected. The meter scale (Fig. 5) has a range of 20 dB. When 
the needle points to the right of the line beneath the range 
indicator window, the sound level is the meter scale reading 
plus the figure in the window. Readings to the left of the 

line under the window are subtracted from the figure in the win- 
dow. It is best to attempt to keep the needle in the positive 
portion (e.g. the 75-dB reading in Fig. 5) since this is easier 
to read and more accurate. 


+ 10 dB Button 


This increases the range of the meter face by automatically 
adding 10 dB to whatever value is in the range indicator window. 


Sensitivity Adjustment 


This small recessed screw will change the meter's needle 
position for calibration. Do not press screwdriver in hard. 


Weighting Network Selector 


This should be set on "A" at all times. 


Microphone 


This precision condenser microphone. (Fig. 6) can be unscrewed and 
removed from the meter. Take care not to damage the contacts 
when removing it. Also, do not remove the grid on top of the 
microphone at any time. If the meter and microphone are taken to 


Microphone 












Microphone 
adaptor 












Microphone ? 
nsulating 
ee washer p 
Sensitivity Microphone and 
= adjustment 4 meter serial 
Sane seater . numbers 


Range switch ( 
| <a 











+10 dB Button 






Battery 


: Weighting 
housing 


network 
selector 


Tripod bush 


Figure 4. Front and back views of the sound level meter 
and microphone. 
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a site inside a warm vehicle on a cold day, condensation may form 


when the microphone is set up outside. Under such conditions, 
transport the microphone and meter in your car's trunk. 


Calibrator 

This is used to calibrate the sound level meter. The calibration 
signal for the Type 2206 meter is 93.8 dB. 

Windscreen 


This round foam ball is placed over the microphone to eliminate 
noise caused by wind blowing across it. It is effective up to 

12 mph, at which speed measurements are to be discontinued. Always 
use the windscreen, even on still days, since it also protects the 
microphone from dust. 


Wind Velocity Meter 


Instructions for use are printed on the back of this meter: "To 
use, face the wind. Hold meter in front of you in vertical posi- 
tion and with scale side toward you. Do not block bottom holes. 
Height of ball indicates wind velocity. For high scale, cover — 
hole at extreme top with finger." Take wind velocity readings at 
the beginning of each measuremnt period. 


Extension Cable 


Always use an extension cable. It keeps the bulk of the meter and 
operator from causing a reflection of sound waves, thus affecting 
the reading. It also allows the operator to sit away from the 
tripod during readings. The cable connects the meter to the micro- 


phone. Do not touch any of the contacts, and keep them as clean as 
possible. 


Tripod 


Support the microphone on the tripod 4 to 5 ft above the ground. 


Clipboard and Counter 


A legal-size clipboard is supplied with a counter attached. The 
counter can be used to keep track of the number of readings or to 
aid in vehicle counts. 
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8. Sling Psychrometer 


Noise cannot be measured when the relative humidity rises above 

90 percent. Higher humidity causes condensation on the microphone, 
rendering it useless until it dries. The psychrometer thus is used 
to determine relative humidity. The manufacturer's operating in- 
structions are reproduced on the next page. Measure relative humid- 
ity twice daily, usually in the morning and afternoon. 


9. Stopwatch 


Use for readings every 10 seconds. 


Calibration of the Sound Level Meter 


The calibrator has a calibration signal of 93.8 dB at 1,000 Hz. When the 
calibrator is placed on the microphone, the meter should read 93.8 dB. 
If it does not, adjust the calibration as follows: 


ie 


Set the range indicator on 90 dB, warm up for 1 to 2 minutes, 
and check that the microphone and adapter are firmly screwed 
on. 


Turn the power switch to "batt" and check the battery. The needle 
should swing to the red portion of the meter window. If it does 
not, replace the meter battery. 


Turn the power switch to "slow." 


Place the calibrator on the microphone. Be careful not to dam- 
age the plastic adaptor on the calibrator. 


Press the button on the calibrator. 


Adjust the meter to read 93.8 dB by turning the sensitivity adjust- 

ment screw on the back of the meter with the small screwdriver pro- 

vided in the meter box. Do not touch the zeroing screw on the meter 
front. 


The calibrator will automatically turn off after about 1 minute. 
If the signal lasts only a few seconds, replace the calibrator 
battery as follows: 

a. Remove the black leather case. 

b. Unscrew the bottom black part of: the calibrator housing. 

c. Unsnap the contacts to the battery. Pry the metal clips 


off. Do not pull on the plastic; this will break the 
wires. 


Remove cap; | 
immerse 
end of 
body, to 
saturate 
wick. 












Fill 
psychro- 
meter 
reservoir 
with 
water. 
Replace 
cap. 


Be sure — 
wick 

covers 
"wet" bulb 
... other 
bulb 

is dry. 


INSTRUCTION DRAWING 
Do not use for 
ordering parts 


Pull body 
from tube 
until 
body 
hangs 
free. 


See Parts List 
on Last Page 


Use tube 
as handle; 
whirl 
body 
about 

WA 


minutes. 


Read wet 
and dry 
bulb ther- 
mometers; 
replace 
body in 
tube. 
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7 Set thermometer readings on 
upper two calculator scales. 


8 Read relative humidity 
% indicated by arrow. 


OPERATION 


Before using, WICK (A) should be 
thoroughly saturated with water. Remove 
END CAP (B) and immerse PSYCHRO- 
METER BODY (C) up to mercury reser- 
voir on the thermometers until WICK is 
thoroughly wetted. Fill END CAP with 
water and replace; tighten just enough to 
prevent leakage. 


To use: 

1. Be sure WICK (A) is wet and covers 
mercury reservoir on WET BULB 
THERMOMETER (D). Be sure mer- 
cury reservoir on other THERMOM.- 
ETER (F) is dry. 

2. Pull TUBE (E) clear of BODY so 
BODY can swivel. 


3. Holding TUBE, whirl body two to 
three revolutions per second (120 to 
180 RPM). 

4. Continue whirling until temperatures 
stabilize (11/2 minutes is usually ample). 

5. Immediately read WET BULB THER- 
MOMETER (D) and then DRY BULB 
THERMOMETER (F). (See applica- 
tion instructions. ) 

6. Set wet and dry bulb temperatures 
opposite each other on slide rule type 
calcuator scales, sliding BODY into 
TUBE as required. 

7. Read % R.H. (per cent relative hu- 
midity) indicated by arrowhead on lower 
scale, 


APPLICATION 


Wet bulb temperatures should be read 
first and as quickly as possible for high- 
est accuracy. Delay in reading may cause 
error. In addition, the wick must be kept 
clean, saturated with water, and whirled 
long enough to stabilize temperatures. 

Range of the psychrometer is from 10% 
to 100% R.H. for dry bulb temperatures 
of 30° to 100°F, or —5° +50°C. 

In addition to the above instructions, 
barometric pressure and other factors will 
influence exact relative humidity determi- 


nations to a very minor degree. For precise 
work, use psychrometric chart or set of 
tables such as W.B. No. 235 ‘‘Psychrometric 
Tables for Obtaining the Vapor Pressure, 
Relative Humidity, and Temperature of the 
Dew Point’? which can be purchased from 
Superintendent of Documents, United States 
Government Printing Office, Washington, 
D. C. However, accuracy of the Psychrometer 
is satisfactory for all except most exacting 
work. 


MAINTENANCE 


WICK (A) should be kept clean; when 
dirty, cut off below WET BULB THER- 
MOMETER (D) and pull clean section 
out of END CAP (B) and slide over bulb 
on WET BULB THERMOMETER. 

WICK REPLACEMENT KIT may be 
purchased separately (refer to parts list), 
One or two extra WICKS may be kept 
in END CAP and will help retain moisture 
longer. Pack WICKS loosely to allow 


thorough water saturation and ample water 
supply to WET BULB THERMOMETER. 

THERMOMETERS (D) and (F) are re- 
placeable by backing off SCREWS (G) 
and loosening THERMOMETER CLIPS 
(H). To separate BODY (C) and TUBE 
(E), drive ROLL PIN (I) out of eye in 
PLUG AND SWIVEL ASSEMBLY which 
then may be slid out back end of TUBE. 
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d. Replace the battery with a new 9-volt battery. 


e. Re-snap the contacts, replace the housing, and return 
the unit to its case. 


The calibrator's leather case is for protection and should be 
left on except when changing batteries. It protects against 

dust and the effects of instantaneous temperature changes, as 
when holding a cold instrument in a warm hand while calibrating. 
The calibrator has an adapter in the front opening to allow cali- 
bration on 4% or 1-in. microphones. Be careful that this adap- 
ter does not fall out and become lost. Use only a B&K calibra- 
tor on a B&K meter. 


d. Maintenance and Repairs 


The sound level meter microphone and calibrator are precision equipment 
and should be treated accordingly. If they fail to operate properly, re- 
turn them to the Noise Measurement Unit of the Materials Bureau at the 
Albany Main Office, either by courier (if available) or by United Parcel 
Service. (Do not send by parcel post.) When shipped to the region from 
Albany, the equipment is accompanied by a receipt;. check to be sure all 
that is supposed to be shipped is actually included in the package. When 
the equipment is returned to Albany, return the receipt, and note if any 
equipment was lost or broken. Keep each set of equipment together -- 
don't mix and match with other sets, as that makes it more difficult to 
keep track of equipment. 


Test Procedure 


The method to be used to determine noise levels was developed by Bolt Bera- 
nek and Newman, Inc., and is referred to as "the check-off method." The 
object is to provide a statistical estimate of Lig + 3 dBA with 95-percent 
confidence. This means we can be 95-percent sure the actual Lj9 for the 
site is within + 3 dBA of the Lj9 we Compute from the measurements. The 
+ 3 dBA are termed "confidence limits" for L}9. The following procedure 
details the steps necessary to obtain acceptable measurements using this 
method. The measurement team will normally consist of at least two Certi- 
fied NMIs. The duties of reading the meter, checking off the readings, 
and counting traffic should be divided between them in a way assuring that 
all duties are performed. For sites located near high-volume roads or 
intersections, other personnel may be needed to count traffic. RNLEs 
should be aware of such a possibility and plan accordingly. 


1. Check to see that the meter is operating before going into the 
field. If the battery has been removed, a standard 1.5-volt size 
"C" cell should be inserted. An alkaline-type battery is preferred 
and will give up to 10 hours of meter service. To replace the 
battery, use a coin to unscrew the battery housing, located on 
the left side of the meter. Insert the battery with the positive 
contact outward, and replace the battery housing. 
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Obtain weather data (wind velocity, relative humidity, precipita- 
tion) and fill in appropriate information on the BR 320a data sheet 
(instructions for its completion are given later in this section on 
pp. 30-32). Operation of the wind meter and psychrometer were des- 
cribed on p. 20. The sound meter's operating temperature range is 
from 14 to 122 F. Discontinue operations if temperatures are lower 
or higher, if relative humidity exceeds 90 percent, or if wind vel- 
ocity is greater than 12 mph. 


Remove the meter from the box. 


Turn the power switch to "batt.'' Check that the pointer lies with- 
in the red "batt" mark on the meter scale; if not, the battery 
should be replaced. Turn the meter off after the battery's con- 
dition is verified. 


Set up the tripod. Attach the microphone extension cable between 
the meter and microphone, and clamp the microphone to the top of 
the tripod. Orient the microphone vertically 4 to 5 ft above the 
ground. 


Set the range switch to a high value (above 90 dB), to avoid over- 
loading when switching the meter on. The range switch position 
appears in the window on the meter scale. 


Turn the power switch to position "slow.'"' Unless otherwise direct- 
ed, make all measurements with "slow' response. 


Allow 1 to 2 minutes for the circuits to warm up. 


Select Weighting Network A with the weighting network selector. 
Take all readings with A-weighting. 


Calibrate the meter as described on p. 21. 


Turn the range switch down until the meter needle reads on the 
scale between the range indicator window and the + 10 dB mark. 


Estimate the range within which the noise level fluctuates and 
assign appropriate values to the noise level lines on the data 
sheet (BR 320a). 


Note starting time and at the prescribed interval (10 seconds) 
glance at the meter. Read the meter at that instant to avoid a 
biased reading. Try not to anticipate what it will be -- just 
note the reading as it occurs. 


Record the A-level reading on the BR 320a data sheet as a check- 
mark on the appropriate horizontal decibel line, working from 
left to right within each line as shown on pp. 27-9. 
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17. 


18. 


19. 
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Simultaneously keep count of the numbers of cars and trucks pass- 
ing the measurement site if the location is close to or within 
sight of a highway. 


If a disturbance occurs that is not considered representative of 
the existing level being measured, note it on the data sheet. 
Use a symbol such as A for airplane or T for train instead of a 
check (see example 1 on p. 27). 


After 100 readings, test them by the criteria given in the next 
section. If they meet those criteria, then the measurement is 
complete. If not, then take another 50 readings and test them, 
and repeat as necessary up to a maximum of 250 readings. 


At the conclusion of the test, re-check the calibration of the 
meter, re-check the battery, and record these results on Form 
BR 320a. If the meter is not reading 93.8 + 0.5 dB on re-check, 
repeat the measurements. 


Note the time finished and record it on the data sheet. Re-check 
the calculations and be sure that the data sheets are completed. 


4, Sample Criteria 


After the first group of 100 readings and after each additional group of 
50 readings, the following test is made: 


Le 


Counting down from the top of the BR 320a data sheet (and from 
left to right along each line), circle the test readings shown 
in the following table (which is also reproduced on the back of 
BR 320a): 


Total Upper L Lower Allowable 
Readings Limit 10 Limit Skew 

100 5 10 17 L 

150 8 dS 23 a: 

200 12 20 29 1 

250 16 25 35 L 


For instance, after'taking 100 samples, circle the fifth, tenth, 
and seventeenth samples from the top. These three constitute 
the L10, flanked by its upper and lower limits. 


The acceptable limits are + 3 dBA or less. 


In determining if the 100 readings meet the criterion of + 3 dB 
or less, a process called skewing is allowed. By this process, 
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the upper and lower limits can be shifted by the number of 
samples listed in the "Allowable Skew" column. The shift can be 
either up or down. For example, if the criterion is not met 
(after 100 samples) by the fifth, tenth, and seventeenth samples, 
the allowable skew according to the table is one sample. Thus 
the criterion can be tested with the fourth, tenth, and sixteenth 
samples (skewing up one sample) or with the sixth, tenth, and 
eighteenth samples (skewing down one sample). Although this 
skewing procedure will not change the Ljg9 value, nor the number 
of samples between the upper and lower confidence limits, it can 
sometimes provide the necessary accuracy without requiring further 
sampling. 


Skewing up or down in BR 320a refers to the direction of change 
as just explained. Note that using the fourth, tenth, and 
sixteenth samples from the top, instead of the fifth, tenth and 
seventeenth would be skewing up, not down, and would be so 
entered on BR 320a. Using the sixth, tenth, and eighteenth 
samples would be skewing down, and should be so entered. 


If the criterion is not met after skewing, take an additional 50 
samples. The maximum to be taken at any one site is 250. If 
the criterion is still not met after 250 samples, note this at 
the bottom of the data sheet. 


Even if the criteria is met after 100 samples, skewing should 
still be used if it will increase the accuracy of the results. 
For example, say the resulting limits for L109 after 100 samples 
without skewing are 75 +3 -3 dBA. Additionally, say that by 
skewing down, the limits would change to 75 +2 -3 dBA. The 
results should be reported as 75 +2 -3 dBA and skewing down 
indicated on the data sheet. If the accuracy can be increased 
through skewing, it should be done even if the criteria would 
be met without it. 


When the test criterion has been met (or 250 samples taken and 

the criterion not met), calculate L59 and Log. The former is the 
noise level exceeded 50 percent of the time and is represented 

by the 50th percentile reading from the top. Thus with 100 readings 
it's the 50th from the top, and so on. Lgg is the noise level 
exceeded 90 percent of the time and is represented by the 90th 
percentile reading from the top. lgg for 100 readings is the 

90th from the top; for 150 it is the 135th from the top. 


L50 is counted from the top. A common mistake is to count up 
from the bottom of the data to find Logg. For example, with 100 
readings, counting up to the tenth reading from the bottom will 
give you the 9lst from the top, not the 90th. 


A simple rule in finding L990 is to count up from the bottom of 
the data the same number of readings listed under Ljg in the 
table, and then count up one more -- this is Lop. For instance, 


Test Method Zi 


for 150 readings, the table gives the 15th reading as Lj9. To 
find L990, count up from the bottom of the data 15 readings plus 
one. 


The examples on this and the next two pages should help explain 
these rules. 


EXAMPLE 1 Criteria Met After 100 Samples 


At this site, 100 readings were taken, ranging from 37 to 52 dB. (The four air- 
plane readings, in this case, were not considered “representative” of the site 
and were not counted.) Counting down from the top, the highest reading is 52 dB 
the second and third both 51 dB, etc. as numbered on the sheet. In this case 
the tenth reading represents Lj19, which is 49 dB. The fifth reading is the 
upper limit or 50 dB, and the seventeenth the lower limit at 48 dB. Since the 
difference between Ljg (49 dB) and each limit is 1, Lj9 can be expressed as 

49 +1. No further readings are necessary, as +1 is well within the +3 dB limits 
required. L59 is the 50th reading from the top at 44 dB and Lg9 the 90th at 

39 dB. 
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EXAMPLE 2 Criteria Not Met After 100 Samples; 50 More Were Taken 


Here 150 samples were necessary. The first 100, represented by slashes, resul- 
ted in an L10 of 49 +5 -2 dB (54 being the upper limit, and 47 the lower), 
which is not within the limits of + 3 dB. Even after skewing down, the limits © 
would only be +4 -2. Fifty more readings were then taken and are represented 
by x's. The upper limit, Lj9, and lower limit (the 8th, 15th, and 23rd read- 
ings) are now 49, 48, and 47 dB, respectively. The L109 limits (48 +1 -1 dB) 
are now within requirements. 
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EXAMPLE 3 Criteria Met After Skewing 


In this case, 150 readings were taken. The upper limit, Li9, and lower limit 
are 46 dB (8th from the top), 42 dB (15th from the top), and 41 dB (23rd from 
the top). These data can be skewed down by shifting the upper limit to 9th 

from the top (44 dB), and the lower limit to 24th from the top (still 41 dB). 
Li9 remains 42 dB and is now 427Y cicakiemy of 42+}. 
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Noise Measurement 


Noise Data Forms 


The two forms the NMT team will be concerned with are the Noise Measurement 
Cover Sheet (BR 319a) and the Noise Measurement Data Sheet (BR 320a). The 
first contains common identifying information that remains the same for a 
number of test sites (up to six sites) and also an area for comments on in- 
dividual site locations and/or descriptions of noteworthy conditions relat- 
ing to the measurements. The second is for recording actual test data; the 
coded tallies of measurements; Lig, Ls5 9, and Log values; and other informa- 
tion unique to a particular test and time. The BR 319a and 320a comprise 
the hard copy of the measurement data to support the EIS's noise analysis. 
They will be used to transmit these data to the Main Office Noise Unit for 
keypunching and entry into the permanent Electronic Data Processing (EDP) 
Bureau computer file. 


a. General Rules for Coding Forms 


Information for keypunching must be written neatly and accurately. One 
character should be entered in each box provided. Use no special char- 
acters, roman numerals, or punctuation. Allowable characters include 
capital letters A through Z and the numbers 0 through 9. To differen- 
tiate between the letter O (oh) and the number 0 (zero), place a slash 
through the letter in this manner: 9. The rules below give proper 
coding procedure. 


1. Enter only one character (letter or number) in each box. 


18 Vonth19 20 Day 21 22 Year 23 


Example: For May 8, 1976 lo|s|/[o} 8l/| 7/6) 


2. Decimals are printed on the forms; print only numbers in the boxes. 


3. Always record numbers from right to left in each group of boxes. 
Example: Enter a single digit as follows [olole| 


4. If an error occurs, carefully erase the entry and place the correct 
data on both sheets of the form or draw a horizontal line through 
the entry, and record the correct data above the boxes involved. 

3040 
Example: 


5. If an item is incorrectly circled, draw a diagonal line through the 
error and circle the correct item. 


57 Day (Circle One) 


° Sun NM ¥ Wed Thur Fri Sat 
Example: | | | ass | | 5 | 6 ae, 


Test Methods 
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Record starting and finishing times in a 24-hour fashion. 


30 (24 Hour Clovk! 33 
Example: For 3:45 p.m. isl l4is| 
RES Cdl ev tent Desi 


Enter a slash through the letter "0" to distinguish it from a zero. 


Example: [sig alry | 


b. Coding the Cover Sheet (BR 319a) 


Le 


Enter the PIN, region, date, region's work order number (if any), 
city or town, and county. Use abbreviations when necessary. 


Print the project name on the line provided and indicate the day, 
types of attachments, NMT names and numbers, and equipment serial 
numbers in the boxes provided. 


At each measurement site, indicate the point numbers, starting time, 
finishing time, and any noteworthy information concerning the site 
location and any special conditions relating to the measurements. 


Note the six-digit cover sheet number stamped at the top right corner of the 


form. 


This number should be recorded on each of the data sheets (BR 320a) 


related to this cover sheet. 


c. Coding the Data Sheet (BR 320a) 


ae 


Record the meter serial number, date, cover sheet number, test in- 
terval, PIN, weight, response, precipitation, wind speed, relative 
humidity, temperature, and point number at the lower right of the 
form. 


Diagram the measurement site (including critical distances) at the 
lower left of the form. 


Indicate an acceptable initial battery check by placing a check (7/) 
in the box labeled "I." 


After calibrating the sound level meter, record the initial cali- 
bration values. (This should be 93.8 dB for the 2206 meter and 
4230 calibrator.) 


Determine the general'range of noise levels existing at the site 
and indicate this range on the data sheet in the boxes to the 
left of the check-off grid. 


Record the starting time and begin noise level measurements at the 
proper time interval. Indicate these readings on’the check-off 


grid (see Data Recording and Reduction on p. 14). 
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c. Coding the Data Sheet (BR 320a) 


les 


After completion of the noise measurements, record the time finish- 
ed at the bottom of the sheet. 


Count up the check marks on the check-off grid and fill in the 
subtotals and total number of readings. 


Record the results of the final battery check and calibration. If 

these are within the specified limits, record Lio, the Ljo9 limits, 

L590, and Lap at the bottom of the form. (If the battery check and/ 
or calibration value falls outside the specified limits, the equip- 
ment and, thus the data are questionable.) 


When the field work is completed for a project, the RNLE will send the white 
original cover sheet and the associated white original data sheets (orig- 
inals being required by the Main Office EDP Bureau for keypunching), along 
with a map showing the locations of sites actually measured in the field, 
to the Main Office Noise Measurement Unit. 


Typical examples of a coded BR 319a and BR 320a are shown on the next two 


pages. 


000592 


BR 319a (6/75) NOISE MEASUREMENT COVER SHEET No. 
—, > 


Card 1 


8 Month19 20 a1 21 7 715, 24 fugion Work Order No, 28 


fall 17 


SAW OCLE LL 
Brojecu hier 1 F a eg Cro sstown Orters 14 Dyin) 


57 Day (Circle One) 58 Circle 59 Each 60 Type 61 o1 62 Attachment 78 


a GS ss Ve hs 13 | Folio tina iam er [1] 

Gelhele Pp 7NMT_ Cert.N 4 10 11. NMT Cert. Pare 14 
e MAGS 2) es 3rd om 

aw Golando Lreogs) (IM) Gres JtomuNelson [fT] 

14 xi | 15. NMT Cert. reg 18 Re 19 NMT Cert. Number 22 

ana dio Gab ae ie Bri Jan, Dowson ryt [sal 
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23 Meter No.1 TAI No. Mike Wo, 1 a 9 qI ib 5): 1 Serial No. 

41 OT | No.2 Serial No. 46 47 Mike No. 2 Serial No. 53 Calib No, 2 ry ial No. 58 Reviewed 
Card as 

7 Point No. 9 10 Location and 18 Description 


30 (24 Hour Clock) 33 ‘olol Jr[ri [sig] at Fl_[SRIA G é| [J 
Hh Th A Boom F TFL Iw _IdiF C LIVIN PTIGINE | 
210 OB 


54 (24 Hour Clock) 57 
Time s 


Finished 
e 


Card 4 


7 Point No, 9 


| LAG 


30 (24 Hour Clock) 33 


sate Cet LS 


54 (24 Hour Clock) 57 
Time e 
Fini 


Card 5 
7 Point No. 9 


‘Al /1} 30 (24 Hour Clock) 33 34 38 42 sa ate) 
= fielels| WESTEBUNDLLLI TTIT Ti 









54 (24 Hour Clock) 57 58 62 66 70 74 77 78 
Time ° 
“ol ACS RT Cs A a i 
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7 Point No. 9 10 Location Description 
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6. 


Special Considerations 


General sites for noise measurements will usually be chosen and located on 
a map by a design or planning engineer. The technician team then takes 

the map to the sites and picks the best location to set up equipment. If 
the site of interest is near a house or school, place the meter in the yard 
where there is likely to be human activity. The object is to measure noise 
from all sources to which the occupant is normally exposed -- not just traf- 
fic noise. Therefore, the meter should not be set up next to the road, where 
traffic noise is dominant. Also avoid billboards, sides of buildings, and 
other large reflecting surfaces. Noise tends to be reflected back to the 
microphone, increasing the noise level. It is sometimes necessary, however, 
to locate near a reflective surface; this should be done if so specified by 
the RNLE. 


Sometimes it is difficult to determine whether a sound is characteristic of 
a site. For example, an airplane may fly over during a measurement period. 
Perhaps only one flies over each day and you caught it, or perhaps they fly 
over frequently. In the former case, note the readings, but don't use them 
for calculating Lig. In the latter, count the airplane as typical noise. 

A tractor operating’on a farm might be considered typical noise, but one 
should try to return to the site to measure when it is not operating. In 
any event, the fact that a tractor was operating should be noted on the 
cover sheet. 


As for when to measure, we are limited to whenever the technician team gets 
to the site. It is impractical to try to hit each site when it is noisiest. 
Rush-hour traffic is not necessarily the noisiest condition -- heavy 

truck traffic may not appear until night-time. The best we can do is to 
project noise levels from measurements accompanied by traffic counts. The 
fine points of site selection, disturbances, and other measurement-related 
problems are often left to the discretion of the NMT team. In an unusual 
situation, however, the RNLE should be consulted to resolve the problem. 
Additional support may be obtained (calling collect, if necessary) from 
the Main Office Noise Unit in Albany; use the state tie-line access code 

or Area Code 518, and then dial 457-4285. This unit is also interested 

in your comments on special problems and their resolution. 


Noise Measurement Technician's Checklist 


a. Equipment 
1. Sound level meter with microphone. 
2. Calibrator. 
3. Windscreen. 


4. Wind velocity meter. 
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10. 


by 


Noise Measurement 


Extension cable. 
Tripod. 

Clipboard and counter. 
Sling psychrometer. 
Stopwatch. 

Spare batteries. 


Coding sheets (BR 319a and BR 320a). 


b. Procedure 


J ibe 


oe 


Check that the meter is operating before going into the field. 
Measure and record wind speed -- do not take noise measurements if 
the wind is over 12 mph. Check relative humidity twice a day; dis- 
continue operations if it exceeds 90 percent. Discontinue noise 
measurements if the temperature falls below 14 F or exceeds 122 F. 
Check the meter battery. 


Set up the meter, tripod, and extension cable. 


Calibrate the meter -- 93.8 dB before measuring -- and re-check it 


after each site measured. Repeat the measurement if it is not reg- 


istering in the proper range (i.e., between 93.3 and 94.3 :dB.) 


Take noise readings using A-weighting and slow response. (Note 
starting time. 


Calculate Lj9, Ls59, and Log. Note finishing time. 
Fill out the data sheet completely before leaving the site. 


Have your partner check your calculations. 


APPENDIX 


Glossary of Terms 

Forms List 

Equipment List 

Method of Determination of Confidence Limits and Coefficients 
References for Further Reading 

Mathematical Statement of Sound Pressure Level and Decibel 
Addition of Two Equal Sources 

Excerpts from Federal-Aid Highway Program Manual 7-7-3 
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A. Glossary of Terms 
A-Weighting: adjustment of the amplitude of a sound wave based on frequency 
designed to approximate frequency response of the human ear. 
Ambient Noise: all noise existing at a site. 
Amplitude: for a wave, the amount of displacement from an equilibrium level. 
Attenuation: a reduction of wave amplitude. 
Calibrator: an electronic device used to generate a known sound level. 


Car: any four-tire, two-axle vehicle, including sports cars, pickup trucks, and 
small vans. 


Characteristic Sound: a sound representative of a measurement site. 


Check-off Method: a method for measuring ambient noise by taking readings at a 
prescribed time interval, ranking them, and analyzing them statistically. 


Confidence Limits: the upper and lower values of the range within which a 
given percent probability applies; for instance, if the chances are 
95 out of 100 that a sample lies between 10 and 12, the 95-percent 
confidence limits are said to be 10 and 12. 

Cycle per Second: a complete wave occurring in 1 second (see Hertz). 

Data: measurements taken as bases for an investigation. 

dB: abbreviation for decibel. 


dBA: abbreviation for decibel utilizing the A-weighting network. 


Decibel: the units of amplitude measurement for sound pressure level, defined as 


P \2 : P 
SPL = 10 log {| — or SPL 2.0 Log a 
dB P db P 


0 0 
where P = disturbance pressure, and 


Po 


reference pressure. 
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Equilibrium Level: the reference or undisturbed level for a particular quantity; 
for sound, the equilibrium level is atmospheric pressure. 


Frequency: the number of time a wave repeats within a given period. 
Hertz: one cycle per second, abbreviated Hz. 
Humidity: the percent of moisture in the air. 


Lio,» Ls59; Lop: sound levels exceeded, respectively, 10, 50, and 90 percent of 
the time. 


Logarithm: the power to which a base number is raised to equal a given value; 
for example, 10% = 100 and logjg 100 = 2. 


Masking: the effect whereby a sound that is approximately 10 dB or greater than 
another "drowns out" the lesser sound. 


Microphone: an electronic device sensitive to pressure changes, converting them 
into electrical current. 


Noise: unwanted sound. 


Pressure: force applied on a given area; some pressure units are pounds per 
square inch (psi), atmospheres, etc. 


Reference Pressure: for sound measurement, this is 20 micronewtons per square 
meter; -- the smallest pressure the ear can detect. 


Sling psychrometer: a device for measuring relative humidity. 

Sound: a wave disturbance in an elastic medium, such as air. 

Sound Level: weighted sound pressure level measured by a metering device. 

Sound Level Meter: a device for measuring sound level. 

Sound Pressure Level: in decibels, 10 times the logarithm of the square of the 
ratio of the disturbance pressure to the reference pressure; it is a 
measure of the amplitude of a sound wave. 

Traffic Mix: percentage of cars and trucks in the total number of vehicles. 

Traffic Volume: total number of vehicles in a given time period. 


Wave: variation in a medium characterized by frequency and amplitude. 


Windscreen: a porous polyurethane sponge material used on a microphone to eli- 
minate wind noise and protect against dust. 


Wind Velocity Meter: a device for measuring wind speed. 


Appendix 
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Type 4148 Condenser Micro- 


B. Forms List 
1. Form BR 319a: Noise Measurement Cover Sheet. 
2. Form BR 320a: Noise Measurement Data Sheet. 
C. Equipment List 
1. Briiel and Kjaer Type 2206 Sound Level Meter with 
phone. 
2. Brtiel and Kjaer Type 4230 Calibrator. 
3. Windscreen. 
4. Wind Velocity Meter. 
5. Extension cable. 
6. Tripod. 
7. Clipboard with counter. 
8. Sling Psychrometer. 
9. Stopwatch. 
10. Spare Batteries. 


D. 


Method of Determination of Confidence Limits and Coefficients 


This method is reproduced in facsimile from Fundamentals and Abatement of High- 
way Traffic Noise (see Anderson, Miller, and Shadley in Appendix E). 


Assume that a total of n statistically inde- 
pendent noise levels Z have been measured 
from the same population. Assume, further, 
that these noise levels are ordered accord- 
ing to their magnitudes, and let the sequence 
of these ordered levels be denoted by 17, 
Lo,-.-.lpn, where the highest measured level 

is denoted by 72, and the lowest is denoted 

by Ln s 


Let Lp denote the pth percentile noise level 
as determined by the infinite population from 


which the n samples have been drawn. Ly is 
defined by, 
oO 
j E(eidl =e) (1) 
Up 


where f(Z) is the propability density func- 
tion of the noise levels from which the sam- 
ples have been drawn. Thus, the probability 
is p that a randomly drawn sample will have 

a level 7 higher than the level Lp- The pro- 
blem is to estimate L,, for a given value of 
p, from a finite set of ordered samples 271, 
io cuteasas Ly 


Assume that n samples have been drawn and or- 
dered as described above. Consider the event 
Ly>Lp>ls where r<s; that is, the event that 
the rth noise level is higher than Lp and 
the sth noise level is lower than L,. This 
event is equivalent to the compound event 
that exactly r measured levels are higher 
than Lp or exactly r+l measured levels are 
higher than Lp or ... or exactly s-2 measured 
levels are higher than Ly or exactly s-1 mea- 
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Sured levels are higher than Lp. These events 
are mutually exclusive; therefore, the proba- 
bility of this compound event is the sum of 
the probabilities of the individual events. 
Now, according to Eq. 1, the probability is 

p that any one noise level measurement is lar- 
ger than Lp: Since the measured levels are 
assumed statistically independent, the proba- 
bility that exactly k of the measured levels 
are higher than Lp is the probability of ex- 
actly k "successes" in a set of n Bernoulli 
trials, where the probability of the "success" 
of a single trial is p. In such a situation, 
the probability of k successes is 


(;) orient k 
n —_— 
“i Fe 


Thus, the probability of the above described 
compound event is obtained by summing the pro- 


(2) 


where 


TVs 


(a=k) tk! 2) 


babilities” (2) or k=n, <tr os), Seo seee 
that is 
s-l1 (2 ee 
=k 4 
[2 h,>2 | eee ky> p. (L=p} 
TABLE 3.1 

Number of Lower Error 
Samples, n Limit, r 

350 24 

350 25 

350 26 

300 19 

300 20 

300 21 

250 15 

250 16 

250 i 

200 HPat 

200 2 

200 13 

150 7 

150 8 

L50 9 

100 4 

100 5 

100 6 

50 

50 2 


Upper Error 


Noise Measurement 


Equation 4 expresses the 
at least cp but lessy than 
surements fall above the level Lp. Notice 
that at no point have we made any assumptions 
about the form of the noise level probability 
density function f(7). 


probability that 
s noise level mea- 


Let us now designate Pr [2 >hp>t | by \isG slate, 


Pr [7 >p?25 | =e (5) 
Then, by definition, y is the confiidence co- 
efficient that the rth and sth measured le- 
vels satisfy the relationship 27 r lp? tsi L 
and lg are known as the upper and lower 


fidence limits for the pth percentile noise 
level Ly: 


Table 3.1 lists values of y for selected sets 
of values of n,. r, ands, where alll values 
listed are for the case where p OF-20S Se srine 


values were computed Gang the right-hand side 
of Eq. 4. 


GB 


- CONFIDENCE COEFFICIENTS 


Confidence 


oe I Sema Coefficient, y 
46 0.949 
47 0.950 
48 0.944 
40 0.952 

| 0.957 
42 0.955 
34 0.950 
35 0.956 
36 0.952 
28 0.949 
29 0.956 
30 0.952 
22 0.950 
23 0.960 
24 0.955 
16 0.952 
dki§ 0.956 
18 0.932 
10 0.970 
10 0.9h2 


con; 


Appendix 41 


id 


E. References for Further Reading 


Books on Noise, Acoustics, and Related Problems 


Alexandre, A.I., Barde, J., Lamure, C., and Langdon, F.J. Road Traffic 
Noise. New York: John Wiley, 1975. 


Anderson, G.S., Miller, L.N., and Shadley, J.R. Fundamentals and Abate- 
ment of Highway Traffic Noise.. Report FHWA+HH1-73-7976-1, Federal 
Highway Administration, U.S. Department of Transportation, 1973. 


Beranek, L.L. Acoustics. New York: McGraw-Hill, 1954. 
Beranek, L.L. Noise and Vibration Control. New York: McGraw-Hill, 1971. 


Berland, T. The Fight for Quiet. Englewood Cliffs, N.J.: Prentice- 
Halli, 1970. 


Bolt, Beranek and Newman, Inc. HUD Noise Assessment Guidelines. Report 
2176, U.S. Department of Housing and Urban Development, 1971. 


Bragdon, C.R. Noise Pollution: The Unquiet Crisis. Philadelphia: 


University of Pennsylvania Press, 1971. 


Broch, J.T. The Application of the Brtiel and Kjaer Measuring Systems to 


Acoustic Noise Measurements. Denmark: Brtiel and Kjaer, 2nd ed., 
January 1971. 


Burns, W. Noise and Man. Philadelphia: Lippincott, 2nd ed., 1973. 


Franken, P.A. (comp.). Glossary of Terms Frequently Used Concerning Noise 
Pollution. New York: American Institute of Physics, 1967. 


Galloway, W.J., Clark, W.E., and Kerrick, J.S. Highway Noise: Measure- 
ment, Simulation, and Mixed Reactions. Report 78, National 
Cooperative Highway Research Program, Highway Research Board, 1969. 


Gordon, C.G., Galloway, W.J., Kugler, B.A., and Nelson, D.L. Highway 


Noise: A Design Guide for Highway Engineers. Report 117, National 
Cooperative Highway Research Program, Highway Research Board, 1971. 


Harris, C.M. (ed.). Handbook of Noise Control. New York: McGraw-Hill, 
LOS hs . 


Kinsler, L.E., and Frey, A.R. Fundamentals of Acoustics. New York: John 
Wiley, 2nd ed., 1962. 

Kryter, Karl D. Effects of Noise on Man. New York: Academic Press, 1970. 

Kugler, B.A., and Piersol, A.G. Highway Noise: A Field Evaluation of 


Traffic Noise Reduction Measures. Report 144, National Cooperative 
Highway Research Program, Highway Research Board, 1973. 


42 


ae 


Noise Measurement 
Lyons, R.H. Lectures in Transportation Noise. Cambridge, Mass.: Grozier 
Publishing Co., 1973. 
Marks, P.L. Acoustics. New York: Chemical Publishing Co., 1951. 
Magrab, E.B. Environmental Noise Control. New York: John Wiley, 1975. 


Peterson, A.P.G., and Gross, E.E., Jr. Handbook of Noise Measurement. 
Concord, Mass.: General Radio Co., 6th ed., 1967. 


Rettinger, M. Acoustic Design and Noise Control. New York: Chemical 
Publishing Co., 1973. 


Swenson, G.S., Jr. Principles of Modern Acoustics. New York: Van Nos- 
trand, 1953. 


Taylor, R. Noise. Baltimore: Penguin Books, 1970. 

U.S. Department of Transportation, Federal Highway Administration. 
Federal-Aid Highway Program Manual, Volume 7, Chapter 7, Section 3. 
Transmittal 192, May 14, 1976. 


U.S. Environmental Protection Agency. Information on Levels of Environ- 


mental Noise Requisite to Protect Public Health and Welfare With 
an Adequate Margin of Safety. Report 550/9-74-004, 1974. 


U.S. Environmental Protection Agency. Public Health and Welfare Criteria 
for Noise. Report 550/9-73-002, 1973. 


Van der Ziel, A. Noise. Englewood Cliffs, N.J.: Prentice-Hall, 1954. 
White, F.A. Our Acoustic Environment. New York: John Wiley, 1975. 


Yerges, L.F. Sound, Noise and Vibration Control. New York: Van Nostrand, 
1969. 


Periodicals on Noise, Acoustics, and Related Subjects 
Applied Acoustics (French; English abstracts). 


Journal of the Acoustical Society of America, American Institute of 
Physics, 335 E. 45th St., New York, N.Y. 


Journal of Sound and Vibration, Academic Press, 111 Fifth Ave., New York, 
N.Y. 10003. 


Noise Control Engineering, Institute of Noise Control Engineering, 
Poughkeepsie, N.Y. 12603. 


Noise Control Report, Business Publishers, Inc., Silver Springs, Md. 


Noise News, Institute of Noise Control Engineering, Poughkeepsie, NY 12603. 


Appendix 43 


Sound_and Vibration, Acoustical Publications, Inc., 27101 E. Oviatt Rd., 
Bay Village, Ohio 44140. 


F. Mathematical Statement of Sound Pressure Level 
And Decibel Addition of Two Equal Sources 


The mathematical statement of sound pressure level in decibels is 


SPL = 20 login ay 
dB P 
0 
where P = the change from atmospheric pressure caused by the sound 


wave, and 


P. = the reference pressure, equal to the smallest pressure the 
human ear can detect. 


As stated earlier, the range of pressures the human ear can detect is very 
large. Because this is true, the logarithm of the pressure ratio is used. 

By using a logarithm, we can convert a very large number into a much smaller 
one. We can then convert the very large range of pressures the human ear 

can detect into a smaller range of numbers that are easier to deal with, thus 
making it easier to compare different sounds. 


For instance, suppose we had four sound waves, each causing a pressure dis- 
turbance 10 times greater than the previous one. In mathematical terms, we 
couls state this as follows: 


Sound Wave 1: PH = 100 Po 

Sound Wave 2: P, = 10 Pp = 1,000 Po 
Sound Wave 3: Py = 10 P, = 10,000 Po 
Sound Wave 4: Py = 10 Py = 100,000 Po 


Dividing both sides of these equations by Pop we get: 


P F 


dy ebhg 2 eh 06 

PO PO 

P P 

lhe 1000 Hone 1. 006 
P P 


0 0 
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Er 12) 
ee = 10,000 oe 10,000 
a0 PO 
Py PG 
— = 100,000 — = 100,000 
Po r 
since dividing Po by Py is equal to 1, just as 2 divided by 2, or 3 divided 


by 3 equals l. 
Now, SPL is defined in terms of "base 10" logarithms. This means we know that 
10 x 10 = 100 -- 10 x 10 is known as 102 (10 squared). Similarly, 10 x 10 x 
10 = 1,000 = 10° (10 cubed). The "base 10" logarithm of a number is defined 
as the number of times 10 must be multiplied by itself to get the number. For 
instance, 

10 x 10 = 100 
or 

107 = 100 
Then 

log;9 100 = 2 


Ten multiplied by itself will give 100. Therefore, the base 10 logarithm of 
100 is equal to 2. In the same way, then, if log), 100 = 2, then 


log;9 1,000 = 3 (10 x 10 x 10 = 1000) 
Similarly, 


logig 10,000 = 4 (10 x 10x 10 x 10 = 10,000) 
EUs leh Sate 


log; 9 100,000 = 5 (10 x 10 x 10 x 10 x 10 = 100,000) 
1 2 3 4 = 


Let's return to our sound waves. The SPL equation says we multiply 20 times 
the base 10 logarithm of P/P). Setting up a table: 


Sound Wave  P/P logjg P/PY SPL 





0 db 
1 100 2 40 
2 1,000 3 60 
3 10,000 4 80 
4 100, 000 5 100 
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We can see that for a range of pressures from 100 to 100,000 times the smallest 
pressure the ear can detect, the range in decibels is only 40 to 100. It is 
much easier to compare numbers from 40 to 100, and plot 40 to 100 on a graph 
or measuring device, than to plot 100 to 100,000. 


Now, as we also said earlier, if two boards are each 10 ft long, the total 
length of both is 20 ft. However, two equal sound sources producing 70 dB 
each add up to only 73 dB -- not 140 dB. This is because: 
the definition of SPL is decibels is: 
P 
SPL = 20 logio a 
dB 
Po 


this is the same as 


P 2 
SPL. = 10 log;o/— 
dB & 


0 


where 


é i P P 
—s “Spay hm aes 
Bhp nd: eG 


To prove this, let's assume P/Py = 100. Then 


| Ce P 
ts mec ose cas f= 100. %1.00,.e 10,000 
0 0 


Lets put the two equations for SPL side by side: 


2 
SPL. = 20 Tops go SPL. = 10 logio| -— 
dB : dB r 

0 0 
SPL, = 20 logio 100 SPL,, = 10 logio 10,000 
log, 9 100 = 2 log; 10,000 = 4 
10 x 10 = 100 : 10 x 10 x 10 x 10 = 10,000 

costlier 20 9 o roe evi Char M4 

SPL, = 40 SPL. = 40 


dB dB 
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We can see then that both definitions are the same because they produce the 
same answer. Let's get back now to our two equal sound sources. Suppose the 
pressure ratio produced by one source is (P/P)) = 10. Then 


Pp \2 P P 
ee = ae ok ee 
P. P P 


0 0 


i] 
raat 
=) 
~ 
en 
(=) 


= 100 


2 
2) = 200 
mo 
pe BE \4 
SPL ve = 10 log) & SPL og sl) Login 2 = 
source 0 equal 0 
P sources 
(=) = 100 
P 
2 (=) = 200 
P 
SPL ne = 10 log;9 100 
source 
SPL oo = 10 log)9 200 
log 19 = 2 equal 
sources 
logio 200. = 2.3 
The base 10 log of 200 can be foun 
“ SPL oe = 10x 2 in any table of logarithms 
source 
SPL = 20 dB ee SPL oo ge Ne a 
one 
equal 
source 
sources 
SPL = 23 dB 
two 
equal 
sources 


) 


Thus two equal sources produce only a 3-dB increase in SPL over only one of the 


sources. 
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G. Excerpts from Federal-Aid Highway Program Manual 7-7-3 


The following paragraphs are taken from Volume 7, Chapter 7, Section 3 of the 
Federal-Aid Highway Program Manual ("Procedures for Abatement of Highway 
Traffic Noise and Construction Noise"). They describe what is required for 

a noise impact analysis and explain the design noise levels. See the Regional 
Noise Liaison Engineer for a copy of the entire document. 


Federal—Aid Highway Program Manual ‘ Mn VOLEt 7s Chey 
Transmittal 192, May 14, 1976 Sec. 3 


7. ANALYSIS OF TRAFFIC NOISE IMPACTS AND ABATEMENT MEASURES 


a. In type IA and IB project development, the highway agency shall 
determine and analyze expected traffic noise impacts and determine 
the overall benefits which can be achieved by noise abatement measures 
to mitigate these impacts, giving weight to any adverse social, 
economic, and environmental effects. The level of analysis may vary 
from simple calculations for rural and low volume highways to extensive 
analysis for high volume, controlled access highways in urban areas. 


b. The traffic noise analysis shall be conducted in the following manner: 


1. Identify existing activities or land uses which may be affected by 
noise from the highway section. 


2. Predict the traffic noise levels for each alternative under 
detailed study (including the "do nothing" alternative). Steps 3 
through 6 of the traffic noise analysis may be eliminated if it 
is analytically determined (in accordance with steps 1 and 2) 
that activities or developed land uses are not sufficiently close 
to the proposed highway improvement to be adversely affected by 
traffic noise. 


3. Measure the existing noise levels for existing activities or 
developed land uses. Measurements may not be necessary where it 


is clear that the existing levels are predominantly from the 
highway being improved and can be satisfactorily estimated using 
approved noise prediction methods. The purpose of this noise 
level information is to quantify the existing acoustic environment 
and to provide a base for assessing the impact of noise level 
increases. The descriptors (Leq or L10) used to quantify these 
measurements shall be consistent with the descriptors used for the 
predicted levels and the design noise levels in Figure 3-1. 
Measurement systems shall, as a minimum, meet the requirements for 
Type 2 instruments as specified in ANSI Standard S1.4-1971. 


4. Compare the predicted traffic noise levels for each alternative 
under detailed study with the existing noise levels and with the 
design noise levels in Figure 3-1. This comparison shall also 
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Federal-Aid Highway Program Manual VoL f;. Ca 3 
Transmittal 192, May 14, 1976 Sec. 3 


include predicted traffic noise levels for the "do nothing" 
alternative in the design year. Such information shall be used 
primarily to describe the noise impact of proposed highway improve- 
ments in contrast with noise levels likely to be reached in the 
same area if no highway improvement is undertaken. Noise impacts 
can be expected when the predicted traffic noise levels (for the 
design year) approach or exceed the design noise levels in 

Figure 3-1, or when the predicted traffic noise levels are sub- 
stantially higher than the existing noise levels. The comparison 
between predicted traffic noise levels for the proposed action and 
the "do nothing" alternative (for the design year) may be used 

in the consideration of exceptions to the design noise levels. 


5. Examine and evaluate alternative noise abatement measures for 


reducing or eliminating the noise impact on existing activities; 
developed lands; and undeveloped lands for which development is 
planned, designed and programed. This examination shall include 


a thorough consideration of traffic management measures (e.g., 
prohibition of certain vehicle types, time use restrictions for 
certain vehicle types, modified speed limits, exclusive lane 
designations, traffic oontrol devices or combinations of such 
measures). Federal law requires a determination that noise abate- 
ment measures needed to implement the noise standards have been 
incorporated into project plans and specifications before they are 
approved. Because decisions on noise abatement are prerequisites 
to determining environmental impacts, and because these impacts 
influence decisions on adoption of a highway location, it is 
important that a preliminary determination be made. Before adop- 
tion of a highway location, the highway agency shall identify: 


(a) noise abatement measures which are likely to be incorporated 
in the project, and 


(b) noise impacts for which no apparent solution is available. 


6. Identify for Type IA projects those lengths of highwa separatel 
for eachside of the highwa and those individual land uses where 


noise abatement measures appear impracticable or not prudent and 


which may qualify under the exception procedures (paragraph 9a 
and b). 


c. Upon completion of the noise analysis for Type IA or IB projects, the 
highway agency shall prepare a noise study report for FHWA concurrence. 


1. The noise study report shall include the following: 


(a) detailed noise analysis and evaluation information 
(paragraph 7b), 

(b) proposed noise abatement measures including descriptive 
information which portrays their design details, anticipated 


Appendix 


49 


Federal—-Aid Highway Program Manual VOL as Oni 7 
Transmittal 192, May 14, 1976 Sec. 3 


effectiveness in relation to the design noise levels (para- 
graph 8) and/or existing noise levels and estimated costs 
and benefits, 


(c) requests for exceptions to the design noise levels and 
supporting information as required and outlined in para- 
graph 9 (Type IA projects only), 


(d) discussion of construction noise analysis information, as 
required in paragraph 13, including proposed contract pro- 
visions to minimize or eliminate adverse construction noise 
impacts, and 


(e) discussion and documentation of coordination with local 
officials as required in paragraph 10. 


2. The noise study report may be in preparation throughout the project 
development process but shall be concluded prior to approval of 
the plans and specifications. Preliminary versions of the report 
shall be prepared as necessary for environmental statements and 
for input to decisions on selecting a highway location. Depending 
on the scope and timeliness of a complete noise report, various 
sections of the report such as noise impact evaluations, proposed 
noise abatement measures, noise exception requests, etc., may be 
processed separately and included in the final report. 


3. FHWA concurrence in the noise study report shall constitute its 
approval of all requested exceptions to the design noise levels 
contained therein and approval of proposed abatement measures 
contained therein. 


Highway agencies proposing to use Federal-aid highway funds for 

Type II projects shall perform a noise analysis similar to that de- 
scribed in paragraph 7b and shall prepare a noise report with recommen- 
dations. This noise report shall indicate and describe the noise 
impacts that have been identified for these type projects. The design 
noise levels in Figure 3-1 are a suitable yardstick for this determina- 
tion. 


In requesting Federal construction funding for a Type II project, the 
highway agency shall indicate the nature of the proposed Type II pro- 
ject and the relative priority with other potential Type II projects 
in the State. Some of the suggested factors which may be considered 
in the development of this relative priority are: 


1. applicable State law, 


2. type of development to be protected, 
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3. magnitude of the traffic noise impact, 
4. cost - benefits, 

5. population density of the ageacted area, 
6. day-night use of thal aeoneeen 


7. feasibility and practicability of noise 
abatement at the site, 


8. availability of funds, 
9. existing noise levels, 


10. achievable noise reduction, 


11. intrusiveness of highway noise (Lig - L9Q), 


12. public's attitude, 


13. local governments' efforts to control land use adjacent to the 
highway, 


14. date of construction of adjoining development. 
15. increase in traffic noise since the development was constructed, 
16. local noise ordinances, 


17. feasibility of abating the noise with traffic control measures. 


8. DESIGN NOISE LEVELS 


a. 


The design noise levels in Figure 3-1 represent a balancing of that 
which may be desirable and that which may be achievable. Consequently, 
noise impacts can occur even though the design noise levels are 
achieved. The design noise levels for Categories A, B, C, and E should 
be viewed as maximum values, recognizing that in many cases, the 
achievement of lower noise levels would result in even greater benefits 
to the community. Every reasonable effort shall be taken to achieve 
substantial noise reductions when predicted noise levels exceed these 
design noise levels. However, any significant reduction in the exist- 
ing or predicted noise level will be a benefit, and partial noise 
abatement measures shall be included in the project development where 
they are consistent with overall social, economic, and environmental 
considerations. On the other hand, the adverse social, economic, and 
environmental effects of providing abatement measures may be too high. 
For each case where the circumstances warrant, this directive provides 
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for FHWA approval of exceptions to the design noise levels for Type IA 
projects. Exceptions are not required for Type IB and Type II projects. 


The design noise levels are to be applied to: 


1. those undeveloped lands for which development is planned, designed, 
and programed on the date of public knowledge of the highway 
project, 


2. those activities and land uses in existence on the date of public 
knowledge of the highway project, 


3. areas which have regular human use and in which a lowered noise 
level would be of benefit. Such areas would not normally in- 
clude service stations, junkyards, industrial areas, railroad 
yards, parking lots, storage yards, and the unused open space 
portions of other developments and facilities. Design noise 
levels should, however, be applied to those parks and recreational 
areas or portions thereof where serenity and quiet are considered 
essential even though such areas may not be subject to frequent 
human use, and 


4. those places within the sphere of human activity (at approximately 
ear-level height) where activities actually occur. The values do 
not apply to an entire tract upon which an activity is placed, but 
only to that portion on which such activity normally occurs. 


The interior de ign noise levels in Category E apply to: 


1. indoor activities for those parcels where no exterior noise 
sensitive land use or activity is identified, and 


2. those situations where the exterior activities on a tract are 
either remote from the highway or shielded in some manner so that 
the exterior activities will not be significantly affected by 
the noise, but the interior activities will. 


The interior design noise levels in Category E may be considered 

as a basis for noise insulation of pbulic use institutional structures 
in special situations when, in the judgment of the highway agency 

and concurred in by the FHWA, such consideration is in the best 

public interest. 


Interior noise level predictions may be computed by subtracting from 
the predicted exterior levels the noise reduction factors for the 
building in question. If field measurements of these noise reduction 
factors are obtained, (or if the factors are calculated from detailed 
acoustical analyses) the measured (or calculated) values shall be 
used. 
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1. In the absence of such calculations or field measurements, the 
noise reduction factors may be obtained from the following table: 


Noise Reduction Due to 


Building Type Window Condition Exterior of the Structure 
All Open 10 dB 
Light Frame Ordinary Sash (closed) 20 
Storm Windows 25 
Masonry Single Glazed n 22 


Masonry Double Glazed 35 


2. The windows shall be considered open unless there is firm know- 
ledge that the windows are in fact kept closed almost every day 
of the year. 


3. Situations where open window periods do not coincide with a high 
traffic noise level may qualify as a closed window condition. 
In such instances, the optional noise prediction procedure in 
paragraph 14e shall be used. ‘ 
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